INTRODUCTION tion were tested after 20 hr and 3 days in culture, respectively. The cumuli from individually plated COCs were cultured in
The mid-cycle surge of follicle-stimulating hormone the absence of oocyte for an additional 3 days in order to (FSH) and luteinizing hormone (LH) alters the ste- (1) and the 3␤-hydroxysteroid dehydrogenase (3␤-observed in granulosa-lutein cells subjected to pregnenolone HSD) (2) . The increase in these steroidogenic enzymes treatment. Following the first 3 days culture, cumulus masses has been noted in both granulosa and cumulus cells were categorized as secreting high or low progesterone lev- (3, 4) . In women undergoing in vitro fertilization (IVF), els. Adding pregnenolone had a greater effect on both proa significant increase in serum P 4 level is noted 12-14 hr after human chorionic gonadotropin (hCG) administration (5) . At the time of retrieving the cumulusoocyte complexes (COCs), 36 hr after hCG 1 activity is sustained over 6-8 days in culture (8, 9) .
rate of P 4 secretion by the cumulus and G-L cells of dish (Falcon, Oxnard, CA), filled with 1-ml culture medium (see below), and incubated in a humidified individual follicles is positively correlated with the fertilizability and developmental competence of the 5% CO 2 -95% air incubator. Occasionally, two or three COCs were placed in a single culture dish mostly corresponding oocytes (11-13). It has been also suggested that P 4 is involved in the process of the acrosome because high unexpected numbers of COCs were retrieved. Twenty hours after addition of spermatozoa, reaction in various mammals (14, 15) .
The possibility that artificially increasing the P 4 the oocytes were mechanically denuded of their corona cells to view fertilization and transferred to new dishes level in the proximity of low P 4 -secreting COC may increase oocyte fertilizability is attractive. However, filled with fresh culture medium for further embryonic development. Usually the remaining cumulus cells as in the mature COC population it is impossible to determine prospectively whether the COCs secrete low or well as G-L cells are discarded, since they have no clinical application. Permission was obtained to utilize high P 4 . Thus, blind addition of P 4 to the culture well is not recommended, since high P 4 levels could interthese cells for the present study. Thus the dishes containing solely the corona and cumulus cells were culfere with various oocyte activities (16,17). The alternative approach is to increase P 4 secretion by cumulus tured for 2 additional days (3 days total) in medium alone. Following the first 3 days' culture, the culture cells either by increasing substrate availability or by including a hormonal increase in steroidogenic enzyme medium was collected and frozen for later determination of P 4 levels. After the first 3 days culture, the activity. It was thought that addition of substrate for P 4 biosynthesis is more feasible, since it may drive cumulus cells from individually plated COC were cultured for an additional 1, 2, or 3 days in a fresh culture the cumulus cells to secrete more P 4 in the short time that is available before insemination and with less medium alone (control) or in presence of 10 Ϫ7 M pregnenolone. involvement in the overall COC activity. The G-L cells were selected as a control cell population, since G-L The G-L cells of each woman were pooled and separated from follicular fluid, washed twice in plain cells in many ways display similar steroidogenic activity to that of cumulus cells. The aim of the present Ham's F-10 medium, and loaded onto isotonic Percoll solution diluted to 50% of the original Percoll fluid study was to test two options for increasing P 4 levels at IVF, either by coculturing more than one COC in (Pharmacia, Lund, Sweden). After centrifugation for 30 min at 500 g, the red blood cells were precipitated the culture dish, or by adding pregnenolone, the direct substrate for P 4 biosynthesis.
at the test tube tip, and the G-L cells were accumulated at the interphase between the medium and the Percoll solution. The residual Percoll in the collected G-L cells was removed by suspending the G-L cells in 12-ml MATERIALS AND METHODS culture medium and decanting the supernatant after centrifugation. Ten thousand viable G-L cells/200-l Subjects well were cultured in 96-well plate (Falcon). Cell viability was assessed using 0.04% trypan blue (wt/vol) The participants in this study were male with normal sperm parameters and regularly menstruating women for the dye exclusion test (18). After an initial culture period of 3 days, fresh media were added and the Gwho were infertile due to absent or blocked fallopian tubes and were undergoing IVF-embryo transfer (ET) L cells were cultured for 1, 2, or 3 additional days in the absence or presence of 10 Ϫ7 M pregnenolone. treatment at the Rambam Medical Centre, Haifa, Israel. Multiple follicular growth was induced by treatment with FSH (150 IU/day) (Metrodin; Teva, Petah Tiqva, Israel) and human monopausal gonadotropin (hMG) Medium Preparation (150 IU/day) (Pergonal; Teva). Ovulation processes were induced with one intramuscular injection of COC were cultured during days 0-3 in culture medium that consisted of 9.8 g/Liter Ham's F-10 10,000 U hCG (Chorigon; Teva). medium buffered with 25 mM NaHCO 3 (both from Gibco, Grand Island, NY). The medium was suppleIn Vitro Incubation mented with 120 IU/ml penicillin, 60 IU/ml streptomycin (both from Sigma Chemical Co., St. Louis, MO), Human COCs were collected 36 hr after hCG administration, usually between 08:00 and 12:00 AM. Each 2 mM calcium lactate (Calbiochem-Boehring, La Jolla, CA) and 10% (vol/vol) heat-inactivated human fetal individual COC was placed in a single organ culture cord serum. Preparation of human cord serum was as cells harvested into the other two Eppendorf test tubes (see above) were suspended in plain medium, and after previously described (12).
A slightly different culture medium was used during centrifugation at 300 g for 10 min the supernatant was decanted. The cell pellet in both Eppendorf test tubes days 3-6 of the cumulus cell culture and during all days of G-L cell culture. The above medium was supwas suspended in the reaction solution (50 l/test tube). The reaction solution contained nicotinamideplemented with 10 mM HEPES, 5% (vol/vol) heatinactivated fetal calf serum and 2 mM L-glutamine (all adenine dinucleotide, nitroblue tetrazolium, sodium cyanide, and MgCl 2 (all from Sigma) in Tris buffer. from Gibco). Lactic acid and cord serum were omitted from this medium. The ingredients of both media were
In one test tube the reaction solution was supplemented with dehydroepiandrosterone [(ϩ)DHEA]. The second dissolved in purified water (BDH Chemicals, Poole, England) to achieve 280-290 mOsm/kg and then steriEppendorf test tube served as control, and therefore the reaction solution was not supplemented with DHEA lized through 0.22-m filters, 0.5-liter size (Nalge Co., Rochester, NY).
[(Ϫ)DHEA]. Following incubation for 1 hr at 37ЊC, the cells were visualized under a light microscope in a hemocytometer. Cells containing 3␤-HSD activity Progesterone Radioimmunoassay (RIA)
were stained blue violet. The degree of 3␤-HSD activity was expressed as percentage of stained cells per The media collected on days 3, 4, 5, and 6 of culture were stored at Ϫ20ЊC for later determination of P 4 total cell count. tain high levels of enzyme activity but low levels of endogenous substrate available for 3␤-HSD. were divided equally into three Eppendorf test tubes. Two Eppendorf test tubes were used to determine the basal and total 3␤-HSD values (detailed below). The
Statistical Analyses third Eppendorf test tube was used for cell nucleus
The experimental data were subjected to one-way staining. Cell nuclei were stained by adding 50 l analysis of variance (ANOVA), followed by unpaired crystal violet (50-mg/100 ml in 0.1-M trisodium Student's t test for individual comparisons between citrate) for 10-20 min at 37ЊC and then counted in a means. P Ͻ 0.05 was considered statistically signifihemocytometer. This method was reproducible and cant. The results are expressed as mean Ϯ SEM. produced results similar to those obtained by counting intact granulosa cells from rats, pigs, and humans. The advantage of this approach was the ability to count RESULTS accurately cells aggregated in clumps.
Effect of Number of COC in Culture Dish on Assessment of 3␤-HSD Activity Fertilization and P 4 Secretion
The percentage of fertilized oocytes (2 pronuclei) 3␤-HSD activity was assessed by a histochemical approach as previously described (13). Briefly, the increased by 1.3-fold (P Ͻ 0.001) when two COCs versus one were cultured together in a single culture dish (Table I ). The increase in number of COCs per culture is associated with an increase in P 4 secretion during days 0-3 of culture. The total amount of the secreted P 4 per culture dish at two versus one COCs increased by 1.8 fold (P Ͻ 0.001) ( Table I) .
Effect of Added Pregnenolone on Cumulus and G-L Cell P 4 Secretion
The calculated daily amounts of P 4 that were secreted during days 0-3 of culture varied among the individual cumulus masses (when each cumulus mass was plated alone in the culture dish) from 13.5 ng to about 370 ng/cumulus mass. In this population of cumulus masses, about 44% of them secrete less than 100 ng P 4 /cumulus mass, while about 25% secrete more than 200 ng P 4 /cumulus mass. Compared to the large differences in P 4 secretion in days 0-3, a decrease in P 4 secretion was noted during days 3-6 that minimize these differences. About 90% of the cumulus masses secreted less than 100 ng P 4 /cumulus mass and none of them secreted more than 200 ng P 4 /cumulus mass.
Addition of pregnenolone on day 3 of culture to individually cultured cumulus masses did not alter significantly the rate of P 4 secretion during days 3-4 and 3-5 of culture. However, a 1.8-fold increase in P 4 secretion (P Ͻ 0.01) was noted in cumulus mass exposed to pregnenolone during days 3-6 of the culture period (Fig. 1) . In G-L cells, P 4 secretion increased by about 1.4-fold (P Ͻ 0.05) and 1.3-fold (P Ͻ 0.01) when cultured in the presence of pregnenolone during days 3-5 and 3-6, respectively, but not during days 3-4 of culture (Fig. 1) . Fig. 1 . Levels of daily P 4 that accumulated during days 3-4, 3-5, and 3-6 in cumuli (total number of cumuli is 187) and G-L cells culture (Fig. 2) . However, in cumulus masses desigb Values not sharing common symbol (* or **) in the same column are significantly different (P Ͻ 0.05) by student's t test.
nated as secreting low P 4 levels, addition of pregneno-3). The low values of 3␤-HSD activity could be a consequence of an actual decrease in the level of 3␤-HSD activity in cumulus cells or may be associated with a decrease in the endogenous available substrate. However, the total level of 3␤-HSD activity significantly increased in the 3 day (days 3-6) pregnenolonetreated cumulus cells compared to cells cultured in medium alone (Fig. 3) . A 48-hr (days 3-5) culture of cumuli in the presence of pregnenolone did not alter either the basal or total 3␤-HSD activity. In the pregnenolone-treated G-L cells, a significant increase in the total 3␤-HSD-activity was observed during both days 3-5 and 3-6 of culture compared to G-L cells cultured in medium alone (Fig. 3) . No significant difference in the basal or total of 3␤-HSD-activity was seen during days 3-4 in either cumulus or G-L cells, whether treated or not with pregnenolone (data not shown).
Fig. 2.
Relationship between P 4 secretion (0-201 ng/cumulus) by cumulus masses during days 0-3 of culture (X axis) and P 4 secretion during days 3-5 and 3-6 of culture (Y axis). Cumulus masses (total number of cumuli is 144) were cultured in the absence (Ⅲ) and presence (Ⅺ) of pregnenolone. When data were subjected to one-way ANOVA, the following statistical values were observed for P 4 secretion during: days 3-5, F ϭ 8.18, P Ͻ 0.001; days 3-6, F ϭ 6.34, P Ͻ 0.001. Other details are as described in Fig. 2 .
lone significantly increased P 4 during days 3-6 but not in shorter incubation time (Fig. 2) .
Effect of Added Pregnenolone on Cumulus and G-L Cell 3␤-HSD Activity
The level of 3␤-HSD was always examined on cells harvested after completion of the culture period. The basal level of 3␤-HSD activity was measured in the of culture the levels of basal and total 3␤-HSD activity were meaBasal 3␤-HSD activity was significantly low in the sured as detailed in the materials and methods. *P Ͻ 0.05, compared cumulus cells that were exposed to pregnenolone verto cells cultured in the absence of pregnenolone in the culture medium.
sus medium alone during days 3-6 of culture ( Fig. DISCUSSION aspiration also may be involved in an increased capacity to utilize the exogenously provided pregnenolone for P 4 biosynthesis. Actually, the maximal serum P 4 The retrieved COCs are not synchronized to the same degree of maturation (5, 12, 19) . The possibility level during the luteal phase of the menstrual cycle is seen within the 6-8 days after ovulation. At this time that a less mature COC is less fertilizable had been demonstrated by many studies (20, 21) . The present there is a peak in the expression of 3␤-HSD and P450scc (34). In cumuli that were designated as secrestudy indicates that coculture of two COCs versus one creates a more beneficial microenvironment to enhance ting high levels of P 4 , the significant increase in P 4 secretion was already observed by 48 hr of continuous fertilization. COCs were cocultured in combinations of two or three together when the number of retrieved exposure to pregnenolone. The cumulus cells manifesting higher active steroidogenic machinery may utilize COCs was higher than expected. Thus, this may indicate that there was an advantage of coculturing two the provided pregnenolone at a significantly higher rate for P 4 biosynthesis and secretion. COCs versus one at least in the population of women who produce larger number of oocytes in stimulating
The present study assay to determine 3␤-HSD activity depends on the presence of saturated levels of the cycles. The mechanism that underlies these results was not the aim of the present study. However, it is more enzyme substrate. Performing this assay in the absence of both exogenous and endogenous enzyme substrate likely that in the two cocultured COCs there is a greater chance that one of the COCs is more mature and fertilyields low 3␤-HSD activity, which may not necessarily indicate the absence of 3␤-HSD. Therefore a low perizable and this COC may facilitate in some way the fertilization of the other cocultured COC. It had been centage of 3␤-HSD positive cells in the absence of exogenous saturated levels of the enzyme substrate suggested that cumulus cells facilitate activities that are involved in the processes of oocyte maturation and (basal levels) may indicate either a significant depletion in the available endogenous substrate or a decrease fertilization (22,23). Several studies had indicated that specific factors that are secreted by cumulus cells in 3␤-HSD expression. The present study indicates that the basal 3␤-HSD-(24,25) and oocyte (26) are involved in oocyte maturation and/or fertilization.
activity is significantly decreased in the 72-hr pregnenolone-treated cumuli compared with cumulus masses The possible involvement of P 4 in enhancing fertilization is supported by recent studies (27). It appears cultured in medium alone (Fig 3) . This finding could be explained as either indicating that addition of prethat P 4 enhances acrosome reaction by stimulating Ca 2ϩ influx in sperm plasma membrane via nongenognenolone induced either a major depletion in the intercellular enzyme substrate or a decrease in the 3␤-mic P 4 receptors (28) . Exposure of the spermatozoa to P 4 sensitizes them to undergo an acrosome reaction HSD expression. Total 3␤-HSD activity, however, is significantly increased in the pregnenolone-treated upon interaction with the zona pellucida, thereby enhancing spermatozoal penetration through the zona cumuli. This latter finding may support the option that addition of pregnenolone induced an increase in the pellucida (14, 15) . Furthermore, it has been suggested that P 4 affects the pattern of ciliary motility in the 3␤-HSD. What caused the increase in the 3␤-HSD activity fallopian tube (29); thus, cumulus cell P 4 secretion by the ovulated COC may be regulating COC movement and P 4 secretion in the pregnenolone-treated cells? Evidence for a significant role of P 4 in the regulation within the fallopian tube.
The present study, as well as other studies (8,12), of P 4 secretion has been reported. In rats, P 4 enhances 3␤-HSD activity in granulosa cells at the time of ovulaindicates that the cumulus and G-L cell P 4 secretions in stimulated cycles are highly variable among the tion and later (35). In humans, G-L cell P 4 plays an autocrine role in regulating cell proliferation (36). In individual follicles. In vitro, P 4 secretion can be increased in both cell types either by hormonal stimulaprimates, P 4 receptors and 3␤-HSD have been codetected in luteal cells, and inhibition of 3␤-HSD resulted tion (7, 32) or by adding the appropriate substrate (8, 33) . Addition of pregnenolone increased cumulus in luteolysis without affecting P 4 receptor density (37). This reported evidence implies that, in the present and G-L cell P 4 secretion only within 5 days after follicular aspiration. This may indicate that following study, the parallel increase in 3␤-HSD and P 4 in the presence of pregnenolone might be facilitated by the this period the cell substrate storage for P 4 biosynthesis is critically depleted to satisfy the steroidogenic capacbiosynthesized P 4 . Our previous studies indicated that a lower fertilizaity of these cells. Alternatively, the significant increase in steroidogenic activity within 5 days after follicular tion rate is associated with lower P 4 secretion (12,13). 
